From in situ measurements of vertical velocity profiles in the marine upper layer, the eddy viscosity turbulent coefficient is estimated in reference to the unsteady Ekman model solution by using optimal control techniques based on Simultaneous Perturbation Stochastic Approximation Method.
Introduction
The marine surface layer -also referred as mixing layer is a key region for mass and energy transfer between atmosphere and ocean but also for primary production in the euphotic zone and dispersion of floating materials, including nutriments and pollution. A number of physical processes are occurring in the surface layer [1] that makes it difficult to represent, as evaporation and rain, thermocline and halocline resulting in pycnoclines, subduction and ventilation, Ekman layer and drift, surface, internal and inertial waves, including swell, Stokes drift, Langmuir circulation, convective plumes, frontal interfaces, etc.. This layer is sensitive to diurnal and seasonal cycles and strongly reacts to wind forcing and so it exhibits a high variability. The uncertainties in prediction of the surface layer thickness is recognized as a critical point in ocean-atmosphere coupled models, especially concerning meteorological forecasting and climate predictions. The marine surface layer is in fact considered as a modified boundary layer following so called quasi steady "bulk" parametrizations based on 1D Ekman and Monin Obukhov similarity theories and applied on a reduced number of vertical upper cells in ocean circulation models. Different turbulent closure models have been proposed to account for such local mechanisms, including stratification effects [2] [3] [4] [5] [6] that need to be tuned to recover observations. Recent field campaigns in the microtidal Noth-Western Mediterranean Sea using HF radars and ADP and CTD profilers [7, 8] have shown that complex situations could be understood and monitored, especially in transient situations. The objective of the herein reported investigation is to determine the variability of the vertical turbulent viscosity in given situations.
The field experiments
A series of field experiments have been performed in different locations of Noth-Western Mediterranean Sea using VHF and HF radars and ADP and CTD profilers [7] [8] [9] . It is important to notice that in North western Mediterranean Sea, the circulation is weakly affected by the tidal motion, so the effect of wind entrainment on the surface layer is particularly noticeable.
Several dedicated investigations [8, [10] [11] have shown that mesoscale and submesoscale observed structures as eddies, inertial motion conducting up to destratification events [11] are poorly reproduced by realistic numerical models. The HF radar mapping of the surface sea layer allows a synoptic observation of the sea surface circulation with high spatial (few km 2 ) and temporal (20 minutes) resolutions of the coastal zone, up to 100 km offshore. Typical departing wind situations encountered during the [2005] [2006] field experiment in the Gulf of Lions were observed, inducing a strong inertial motion in spring or an eddy formation in winter [8, 10] .
A new in situ experiment was started in 2015-2018, offshore the Toulon -Hyères bays, involving HF radars, floating buoys and instrumented drifted structures [12, 13] , oceanographic research vessel cruises and a fixed ADCP profiler.
Among the collected data [12] , vertical profiles of horizontal velocity in the marine upper layer (0-10m), as shown in Fig 1, exhibit both deepening The vertical profiles in a fixed point exhibit both effects of Ekman layer deepening and inertial rotation that can be moreover affected by stratification. The maps of surface currents (about 1 m deep) as obtained by HF radars exhibit a high variability in space and time of horizontal shear and temporal response (spin up). Strong horizontal convergence/divergence zones suggest significant vertical accelerations and internal waves generation in stratified conditions.
The unsteady Ekman Layer
The unsteady Ekman solution [14] exhibits both vertical shear and rotation by considering a fixed turbulent viscosity. Investigations in microtidal seas [15] have shown a high sensitivity of the inertial motion to the turbulent viscosity and recent large eddy simulations in steady cases [16] have confirmed the vertical strong variation of the turbulent viscosity. Moreover, accounting for horizontal component of Coriolis force [15] [16] [17] [18] [19] may modify the Ekman solution in given situations and significantly modify the stability analysis of Ekman spiral flow.
New quasi 3D in situ measurements are presented and analyzed from this specific point of view. Especially, the sensitivity of the vertical velocity profile to the eddy viscosity coefficient is pointed out when an optimal control technique based on stochastic approach is developed to identify the eddy viscosity profile for in situ measurement of horizontal velocity profiles (Fig. 1). 
Toward an optimization of turbulent closure schemes by stochastic approximation
Non-linear models -such as turbulent closure schemes -are usually optimized by finding the minimum of a cost function (spread between model outputs and data), either by gradient descent or stochastic algorithms. Stochastic algorithms (e.g. simulated annealing) may allow to find the global optimum of the cost function, but requires a large number of model runs. Conversely, gradient descent algorithms are faster if the one knows the gradient of the cost function, but writing and programming this so-called adjoint model is also costly. Finally, the gradient can be estimated numerically by finite-difference approximation, but this is also costly if the number of parameters to optimize is large.
Therefore, we use here a cheap approximation of the gradient, using the Simultaneous Perturbation Stochastic Approximation method [20] (with some novel improvements). This stochastic method might be helpful to deal with realistic noisy data, as the randomness in the method will avoid to be trapped by the local minima of the cost function. By applying this optimization procedure to the Turbulent Kinetic Equation model [21] applied to the station Dyfamed (NW Med. Sea) with realistic atmospheric forcings, ongoing tests indicate that this approximate method should be enough to get the most valuable information from data (infer parameter values) in a reasonable amount of computational time.
Conclusion
From in situ measurements of velocity profiles in the upper marine layer, a method has been developed to estimate the eddy viscosity coefficient in different situations of wind forcing and thermal stratification. The chosen optimal control technique is based on Simultaneous Perturbation Stochastic Approximation method that allows to account for different parameters in the same time with a reduced computational cost. First results are presented on process oriented and realistic numerical simulations of the marine Ekman layer in the microtidal Mediterranean Sea.
